Contact angle analysis. A Kruss DSA100 contact angle goniometer was used to quantify the contact angles of water and oil (4 µl) over time on the surface of the electrospun meshes.
Mechanical testing.
A Instron 5848 Micro-tester tensile testing apparatus was used to generate a σ vs. ε curve for 20% electrospun PCL meshes either before or after 10 cycles of oil exposure and retrieval under vacuum (700 mbar). The meshes were cut into 1.5 cm by 6 cm rectangles and the thicknesses for each mesh were measured using a calibrated microscope (Olympus IX70) using a 10x magnification. The sample was fixed to the apparatus using sandwiched pressure tape reinforced with super glue. The sample was elongated at 1 mm per second corresponding to a ~2.5% strain rate to ~120% strain while recording the load across the sample at 10 Hz using a 100 N load cell. The elastic region of the mesh was defined as ε < 0.1 and the elastic modulus was calculated as the slope of the linear regression of this elastic region.
Scanning electron microscopy. A Zeiss SUPRA 55VP field emission SEM was used to image the surfaces of the meshes. The samples were affixed to an aluminum sample stub using copper tape and were coated with 5 nm of Au/Pd prior to imaging and imaged at an accelerating voltage of 2 kV.
Rheometry. An Advanced Rheometer (AR1000) was used to determine the viscosity of the pump oil and crude oil at 25 °C using a 40 mm aluminum cone geometry by first performing a 
Fig. S1
Representative SEM image illustrating the nanometer scale (< 1000 nm) roughness on each electrospun fiber in a 20% PCL mesh (Scale bar: 10 µm).
Fig. S2
Sample TGA plot of a 20% by wt. PCL mesh after being exposed to a 1:1 oil:water mixture. After being heated to >110 °C for 5 minutes, only ~0.35% of the sample's mass was found to be water. 
